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(57) ABSTRACT 
Embodiments of the invention may provide for power ampli-
fier systems and methods. The systems and methods may 
include a power amplifier that generates a first differential 
output signal and a second differential output signal, a pri-
mary winding comprised of a plurality of primary segments, 
where a first end of each primary segment is connected to a 
first common input port and a second end of each primary 
segment is connected to a second common input port, where 
the first common input port is operative to receive the first 
differential output signal, and where the second common 
input port is operative to receive the second differential output 
signal, and a single secondary winding inductively coupled to 
the plurality of primary segments. 
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MULTI-SEGMENT PRIMARY AND 
MULTI-TURN SECONDARY TRANSFORMER 
FOR POWER AMPLIFIER SYSTEMS 
FIELD OF INVENTION 
2 
system. The method may include providing a power amplifier 
that generates a first differential output signal and a second 
differential output signal, receiving the first differential out-
put signal at a first common input port and the second differ-
ential output signal at a second common input port, where the 
first common input port may be connected to a first end of a 
plurality of primary segments that form a primary winding, 
and where the second common input port may be connected 
to a second end of the plurality of primary segments, and 
Example embodiments of the invention relate generally to 
power amplifiers, and more particularly, to systems and meth-
ods for voltage-boosting transformers to couple one or more 
power amplifiers to a load. 10 inductively coupling the plurality of primary segments to a 
single secondary winding. 
BACKGROUND OF THE INVENTION 
With the explosive growth of the mobile communications 
industry, many efforts have been made to integrate mobile 15 
application functions (e.g., low noise amplifiers, mixers, volt-
age-controlled oscillators, etc.) into a single semiconductor 
technology (e.g., a single chip). However, fully integrating a 
power amplifier on a single chip area presents a variety of 
difficulties. In particular, bulky power matching structures 20 
require a large chip area and if the matching structure is 
distributed on the whole chip area, then the high output power 
from the power amplifier can degrade the performance of 
other mobile application functions. Therefore, in some appli-
cations, the matching structure of power amplifiers should be 25 
isolated from other mobile application functions into one area 
and the total matching structure size should be reasonably 
small to be cost effective while the level of output power is 
high enough. Accordingly, there is a need for improved power 
matching designs to implement a fully integrated high-power 30 
amplifier system. 
BRIEF DESCRIPTION OF THE DRAWINGS 
Having thus described the invention in general terms, ref-
erence will now be made to the accompanying drawings, 
which are not necessarily drawn to scale, and wherein: 
FIG. 1 is a block diagram for a power amplifier with a 
driver stage and an impedance transformation network, 
according to an example embodiment of the invention. 
FIG. 2 is an example schematic diagram for a transformer 
in accordance with an example embodiment of the invention. 
FIG. 3 illustrates an example schematic diagram for a 
transformer in which the multi-segment primary winding 
may be connected to a plurality of amplifiers, according to an 
example embodiment of the invention. 
FIG. 4 illustrates an example layout structure of a trans-
former, according to an example embodiment of the inven-
tion. 
FIG. 5 illustrates an example schematic diagram for a 
transformer utilizing one or more tuning blocks, according to 
an example embodiment of the invention. 
BRIEF SUMMARY OF THE INVENTION 
According to an example embodiment of the invention, 
there may be a power amplifier system, which may include a 
plurality of amplifiers, a single multi-segment primary trans-
former winding with a first number of N 1 turns, and a single 
secondary transformer winding with a second number ofN2 
turns. The turns ratio from the primary transformer winding 
FIG. 6 illustrates an example layout structure for an 
example transformer utilizing one or more tuning blocks, 
35 according to an example embodiment of the invention. 
FIG. 7 illustrates an example layout structure of a trans-
former of an example power amplifier system with an auxil-
iary winding adjacent to or substantially encapsulating a por-
tion of the transformer, according to an example embodiment 
40 of the invention. 
to the secondary transformer winding may be N1:N2 with 
N2 >N1 to boost the voltage of the primary winding to the 
secondary winding in the ratio of substantially N 2/N 1 . The 
multi-segment primary winding may increase the magnetic 
coupling, therefore minimizing passive loss. Each amplifier 45 
may include an input such as differential inputs that are con-
nected to the system input ports at the primary winding, and 
the primary winding may be coupled to the differential output 
of the secondary winding. Indeed, the single secondary trans-
former winding may be inductively coupled to the primary 50 
transformer winding and may provide a system output port to 
which a load may be coupled. 
According to another example embodiment of the inven-
tion, there may be a power amplifier system. The system may 
include a power amplifier that may generate a first differential 55 
output signal and a second differential output signal, a pri-
mary winding comprised of a plurality of primary segments, 
where a first end of each primary segment may be connected 
to a first common input port and a second end of each primary 
segment may be connected to a second common input port, 60 
where the first common input port may be operative to receive 
the first differential output signal, and where the second com-
mon input port is operative to receive the second differential 
output signal, and a single secondary winding that may be 
inductively coupled to the plurality of primary segments. 65 
According to another example embodiment of the inven-
tion, there may be a method for providing a power amplifier 
FIGS. SA, SB, and SC illustrate examples ofresonant cir-
cuits that may be utilized as tuning blocks for the transform-
ers, according to example embodiments of the invention. 
FIG. 9 illustrates an example planar substrate structure for 
implementing an example transformer, according to an 
example embodiment of the invention. 
FIGS. 10and11 illustrate example stacked substrate struc-
tures for implementing example transformers, according to 
example embodiments of the invention. 
FIG. 12 illustrates an example multi-layer substrate struc-
ture for implementing an example transformer, according to 
an example embodiment of the invention. 
DETAILED DESCRIPTION OF THE INVENTION 
Embodiments of the invention now will be described more 
fully hereinafter with reference to the accompanying draw-
ings, in which some, but not all embodiments of the invention 
are shown. Indeed, these inventions may be embodied in 
many different forms and should not be construed as limited 
to the embodiments set forth herein; rather, these embodi-
ments are provided so that this disclosure will satisfy appli-
cable legal requirements. Like numbers refer to like elements 
throughout. 
FIG. 1 illustrates a switching power amplifier (PA) system 
100 that may include an input port 101, an optional driver 
amplifier stage 102, one or more switching power amplifiers 
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103, and an impedance transformation network 104, accord-
ing to an example embodiment of the invention. According to 
an example embodiment of the invention, the driver amplifier 
stage 102 may receive an input such as a baseband signal or an 
RF signal from the input port 101, and may generate an output 5 
to drive the switching power amplifier 103. As shown in FIG. 
1, the switching power amplifier 103 may be powered via a 
supply voltage port 106 (Vdd). The switching power ampli-
fier 103 may then provide an amplified output signal to the 
impedance transformation network 104, which matches the 10 
output impedance of the power amplifier 103 to a load imped-
ance at the output port 105. According to an example embodi-
ment of the invention, the load may be a switch, a multiplexer, 
a filter, an antenna, or yet another type of load. According to 
an example embodiment of the invention, the load impedance 15 
may be 50 ohms. Where the load impedance is 50 ohms, the 
impedance transformation network 104 may transform the 
output impedance of the switching power amplifier 103 to 50 
ohms, according to an example embodiment of the invention. 
According to an example embodiment of the invention, the 20 
impedance transformation to achieve higher output power 
can be accomplished by a N1:N2 transformer as the imped-
ance transformation network 104. 
FIG. 2 illustrates an example schematic diagram for a 
transformer in accordance with an example embodiment of 25 
the invention. As shown in FIG. 2, the transformer may 
include a primary winding 206 having multiple segments M 
each having N 1 turns and a single secondary winding 207 
having N2 turns. The multi-segment primary winding 206 
may be inductively coupled to a single multi-turn secondary 30 
winding 207. According to an example embodiment of the 
invention, the currents induced from each segment of the 
multi-segment primary winding 206 may be summed in the 
same phase at the secondary winding 207. The secondary 
winding 207 may provide a system output port 208 (Vout) to 35 
which a load 209 (Rload) may be coupled. In an example 
embodiment of the invention, the load 209 may be a switch, a 
multiplexer, a filter, an antenna, or yet other loads. According 
to an example embodiment, the turns ratio from each segment 
of the multi-segment primary winding 206 to the secondary 40 
winding 207 may be N 1 : N 2 with N 1 <N2 in order to boost the 
voltage from each segment of the multi-segment primary 
winding 206 to the secondary winding 207 in the ratio of 
substantially N iN 1 . 
Still referring to FIG. 2, the multi-segment primary wind- 45 
ing 206 may be connected to one or more power amplifiers 
203 (AMP 1). According to an example embodiment of the 
invention, the power amplifier 203 may be a differential 
power amplifier. The differential power amplifier AMP 1 may 
include one or more inputs such as differential inputs 201 50 
(Vin 1 +) and 202 (Vin 1-), wherein input 201 may be a 
positive signal input and input 202 may be a negative signal 
input. Additionally, the amplifier AMP 1 may include outputs 
such as outputs 204 and 205, wherein output 204 may be a 
positive output and output 205 may be a negative output, 55 
where outputs 204, 205 may comprise differential outputs. 
The outputs 204, 205 may be connected to the primary wind-
ing 206 of the transformer, according to an example embodi-
ment of the invention. 
According to an example embodiment of the invention, the 60 
current provided at the secondary winding 207 from the 
power amplifier 203 may be substantially i1 =(N/M)xi2 , 
where i2 is the current in the secondary winding 207, Mis the 
number of segments within the multi-segment primary wind-
ing 206, and N is the turns ratio of each segment turn of the 65 
multi-segment primary winding 206 to the secondary wind-
ing 115 turns. Likewise, the voltage provided to the secondary 
4 
winding 207 from the amplifier 203 may be may be substan-
tially v 1=(1/N)xv2 , where v 2 is the voltage in the secondary 
winding 207, and N is the turns ratio from each segment tum 
of the multi-segment primary winding 206 to the secondary 
winding 207 turns. 
Still referring to FIG. 2, each segment of the multi-segment 
primary winding 206 may include a respective center tap port 
210a-m corresponding to Vdd 1 ... M. The center tap port 
210a-m may be at virtual AC grounds when differential sig-
nals are generated by the a differential power amplifier for the 
multi-segment primary winding 206. The supply voltage of 
the differential amplifier may be fed through the center tap 
ports 210a-m. According to an example embodiment of the 
invention, the positions of the center tap ports 2l0a-m may 
correspond to a middle or symmetrical position of the respec-
tive segments of the multi-segment primary windings 206. 
However, in another example embodiment of the invention, 
the positions of the center tap ports 210a-m may vary from a 
middle or symmetrical position depending on the magnitudes 
of the differential signals generated by a differential ampli-
fier. 
FIG. 3 illustrates an example schematic diagram for a 
transformer in which the multi-segment primary winding 
may be connected to a plurality of amplifiers, according to an 
example embodiment of the invention. In particular, in FIG. 
3, there is illustrated a primary winding 312 having M number 
of segments each having N 1 turns, and a single secondary 
winding 313 having N2 turns. The M number of segments 
may be inductively coupled to the single secondary winding 
313, according to an example embodiment of the invention. 
She outputs 310, 311 of amplifiers 307a-l (e.g., differential 
amplifiers) may be connected as inputs to the multi-segment 
primary winding 312, according to an example embodiment 
of the invention. Specifically, the positive signal output 310 
and the corresponding negative signal output 311, which may 
comprise differential outputs, of the power amplifiers 307a-l 
may be connected as inputs to the multi-segment primary 
winding 312. The positive signal inputs 301a-l and the cor-
responding negative signal inputs 302a-l may be provided as 
inputs to the respective power amplifiers 307a-l. Each of the 
connected currents induced from each segment of the multi-
segment primary winding 312 may be summed in the same 
phase at the secondary winding 313, according to an example 
embodiment of the invention. The secondary winding 313 
may provide a system output port 314 (Vout) to which a load 
315 (Rload) may be coupled. In an example embodiment of 
the invention, the load 315 may be a switch, a multiplexer, a 
filter, an antenna, or yet other loads. According to an example 
embodiment, the turns ratio from each segment of the multi-
segment primary winding 312 to the secondary winding 313 
maybe N1:N2 with N1 <N2 in order to boost the voltage from 
each segment of the multi-segment primary winding 312 to 
the secondary winding 313 in the ratio of substantially N 2/N 1 . 
Still referring to FIG. 3, each segment of the multi-segment 
primary winding 312 may include a respective center tap port 
3l6a-m corresponding to Vdd 1 ... M The center tap port 
3l6a-m may be at virtual AC grounds when differential sig-
nals are generated by the a differential power amplifier for the 
multi-segment primary winding 312. The supply voltage of 
the differential amplifier may be fed through the center tap 
ports 316a-m. According to an example embodiment of the 
invention, the positions of the center tap ports 3 l 6a-m may 
correspond to a middle or symmetrical position of the respec-
tive segments of the multi-segment primary windings 312. 
However, in another example embodiment of the invention, 
the positions of the center tap ports 316a-m may vary from a 
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middle or symmetrical position depending on the magnitudes 
of the differential signals generated by a differential ampli-
fier. 
FIG. 4 illustrates an example layout structure of a trans-
former, according to an example embodiment of the inven-
tion. As shown in FIG. 4, the transformer may include a 
two-segment primary winding comprising segments 407, 
408, and a single two-turn secondary winding 409, according 
6 
provide a system output port 508 (Vout) to which a load 509 
(Rload) may be coupled. In an example embodiment of the 
invention, the load 509 may be a switch, a multiplexer, a filter, 
an antenna, or yet other loads. According to an example 
embodiment, the turns ratio from each segment of the multi-
segment primary winding 506 to the secondary winding 507 
maybe N1:N2 with N1 <N2 in order to boost the voltage from 
each segment of the multi-segment primary winding 206 to 
to an example embodiment of the invention. According to an 
example embodiment of the invention, a first end of segments 10 
407, 408 may be connected to a common positive input port 
420, and a second end of segments 407, 408 may be con-
nected to a negative input port 421. The common input port 
420 and the negative input port 421 may be fabricated as pads 
the secondary winding 207 in the ratio of substantially N 2/N 1 . 
Still referring to FIG. 5, the multi-segment primary wind-
ing 506 may be connected to one or more power amplifiers 
503 (AMP 1). According to an example embodiment of the 
invention, the power amplifier 503 may be a differential 
power amplifier. The differential power amplifier AMP 1 may 
or other conductive connections, according to an example 
embodiment of the invention. 
Still referring to FIG. 4, the two-segment primary winding 
comprising segments 407, 408 may receive inputs from a 
power amplifier, which may be a differential power amplifier 
according to an example embodiment of the invention. For 
example, the power amplifier may include transistors 401, 
404, which may be metal oxide semiconductor field-effect 
transistors (MOSFETs) that each include respective sources, 
gates, and drains. In FIG. 4, both the sources of transistors 
402, 403 may be grounded. The gate of transistor 402 may be 
connected to a positive signal input 401 (Vin 1 +) while the 
gate of transistor 403 may be connected to a negative signal 
input 404(Vin1-). Likewise, the drain of transistor 402 may 
provide the differential amplifier's positive output 405, which 
may be connected to a common positive input port 420 that 
provides a first input to both the first and second segments 
407, 408. Similarly, the drain of transistor 403 may provide 
the differential amplifier's negative output 406, which may be 
connected to a common negative input port 421 that provides 
a second input to both the first and second segments 407, 408. 
It will be appreciated that while the transistors 402, 403 may 
be illustrated as MOSFETs in some embodiments, the tran-
sistors 402, 403 may also be Bipolar Junction Transistors 
(BJTs) or yet other types of transistors as well. 
According to an example embodiment of the invention, 
magnetically induced currents by excitation of two segments 
407, 408 of the primary winding may be added together at the 
secondary winding 409 in the same phase. According to an 
example embodiment of the invention, the transformer may 
be designed or configured such that the currents of primary 
segments 407, 408 are in the same direction to prevent self-
cancellation, according to an example embodiment of the 
invention. A load may be connected to the output ports 410, 
411 of the secondary winding 409, according to an example 
embodiment of the invention. According to an embodiment of 
the invention, the turns for the segments of the primary wind-
ing and the secondary winding may be routed over overlap-
ping portions using one or more via connections. 
FIG. 5 illustrates an example schematic diagram for a 
transformer utilizing one or more tuning blocks, according to 
an example embodiment of the invention. The tuning blocks 
may be operative to adjust or alter an operational parameter of 
the transformer, according to an example embodiment of the 
invention. As shown in FIG. 5, the transformer may include a 
primary winding 506 having two segments each having N 1 
turns and a single secondary winding 507 having N2 turns. 
The multi-segment primary winding 506 may be inductively 
coupled to a single multi-turn secondary winding 507. 
According to an example embodiment of the invention, the 
currents induced from each segment of the multi-segment 
primary winding 506 may be summed in the same phase at the 
secondary winding 507. The secondary winding 507 may 
15 include one or more inputs such as differential inputs 501 
(Vin 1 +) and 502 (Vin 1-), wherein input 501 may be a 
positive signal input and input 502 may be a negative signal 
input. Additionally, the amplifier AMP 1 may include outputs 
such as differential outputs 504 and 505, wherein output 504 
20 may be a positive output and output 505 may be a negative 
output. The outputs 504, 505 may be connected to the primary 
winding 506 of the transformer, according to an example 
embodiment of the invention. 
Still referring to FIG. 5, the use of a differential amplifier 
25 may result in each segment of the multi-segment primary 
winding 506 having a respective center tap port 510, 511. The 
center tap port 510, 511 may be at virtual AC grounds when 
differential signals are generated by the a differential power 
amplifier for the multi-segment primary winding 506. The 
30 supply voltage of the differential amplifier may be fed 
through the center tap ports 510, 511. According to an 
example embodiment of the invention, a first tuning block 
512 may be provided at center tap port 510 for the first 
segment of the multi-segment primary winding 506. Like-
35 wise, a second tuning block 513 may be provided at a center 
tap port 513 for the second segment of the multi-segment 
primary winding 506. The tuning blocks 512, 513 may be 
operative to control, adjust, filter, or otherwise tune the fre-
quency bands of coupling, according to an example embodi-
40 ment of the invention. For example, the tuning blocks 512, 
513 may be resonant circuits that are operative to selectively 
enhance or suppress one or more frequency components, 
according to an example embodiment of the invention. 
FIG. 6 illustrates an example layout structure for an 
45 example transformer utilizing one or more tuning blocks, 
according to an example embodiment of the invention. The 
transformer may include a plurality of segments of the multi-
segment primary winding that are inductively coupled to a 
secondary winding, according to an example embodiment of 
50 the invention. As shown in FIG. 6, there may be two primary 
segments 607, 608 (of a multi-segment primary winding) 
each having a single turn (N1=1), and a secondary winding 
609 having two turns (N2 =2). Both of the segments 607, 608 
may be connected to one or more amplifiers 603 (AMP 1) 
55 through a common positive input port 620 and a common 
negative input port 621. In particular, the amplifier may 
receive a positive input signal 601 (Vin 1 +) and a negative 
input signal 602 (Vin 1-) and provide a positive output 604 
and a negative output 605 to the respective common positive 
60 input port 620 and common negative input port 621. 
According to an example embodiment of the invention, the 
power amplifier 603 may be a differential amplifier. Accord-
ing to an example embodiment of the invention, the genera-
tion of differential outputs 604, 605 by a differential amplifier 
65 may result in an AC virtual ground being present at center tap 
ports 612, 613 in the respective first and second segments 607, 
608. According to an example embodiment of the invention, 
US 7,576,607 B2 
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FIG. SC illustrates another schematic diagram of an 
example tuning block, according to an example embodiment 
of the invention. As shown in FIG. SC, there may be a reso-
nant circuit having a plurality of resonant frequencies such as 
resonant frequencies fnl S27, fn2 S2S, and fn3 S29. For 
example, capacitive component S21 and inductive compo-
nent S22 may be connected in series to provide resonant 
frequency fnl S27. Likewise, capacitive component S23 may 
be connected in series to inductive component S24 to provide 
resonant frequency fn2 S2S. Additionally, capacitive compo-
nent S25 may be connected in series with inductive compo-
nent S26 to provide resonant frequency fn3 S29. The port S20 
of the resonant circuit may be connected to a center tap port of 
a segment of a primary winding, according to an example 
the supply voltage of the differential amplifier may be pro-
vided through the center tap ports 612, 613. According to an 
example embodiment of the invention, a first tuning block 
614 may be connected to the first center tap port 612, while a 
second tuning block 615 may be connected to the second 
center tap port 613. It will be appreciated that the first and 
second tuning blocks 614, 615 may be fabricated as party of 
the same substrate(s) as the transformer structure or as dis-
crete modules that are in communication with the transformer 
layout structure, according to an example embodiment of the 10 
invention. Further, the tuning blocks 614, 615 may be reso-
nant circuits that are operative to selectively enhance or sup-
press one or more frequency components, according to an 
example embodiment of the invention. 
15 embodiment of the invention. It will be appreciated that while 
FIG. SC illustrates a particular configuration for a resonant 
circuit, other embodiments of the invention may include vary-
ing types of series/parallel resonant circuits without departing 
from example embodiments of the invention. Furthermore, 
FIG. 7 illustrates an example layout structure of a trans-
former of an example power amplifier system with an auxil-
iary winding adjacent to or substantially encapsulating a por-
tion of the transformer, according to an example embodiment 
of the invention. In particular, FIG. 7 illustrates the example 
layout structure for a transformer of FIG. 6 with an additional 
auxiliary winding 702. According to an example embodiment 
of the invention, the auxiliary winding 702 may be coupled to 
a transformer to sense an amount of coupling between the 
primary segments 607, 60S and the secondary winding 609. It 
will be appreciated that while the auxiliary winding 702 illus-
trated in FIG. 7 may be varied according to example embodi-
ments of the invention. For example, an auxiliary winding for 
power sensing may be placed adjacent to one side of a trans-
former to sense an amount of coupling. According to another 
example, an auxiliary winding for power sensing may be 
placed adjacent to one side or a plurality of sides of a trans-
former to sense an amount of coupling. Furthermore, while an 
auxiliary winding has been illustrated with respect to an 
example transformer of FIG. 7, the auxiliary winding is like-
wise application to other transformers, including others 
described herein, according to example embodiments of the 
invention. 
The tuning blocks illustrated in FIGS. 5-7 may be imple-
mented in a variety of ways in accordance with example 
embodiments of the invention. According to an example 
embodiment of the invention, the tuning blocks may comprise 
resonant circuits. FIGS. SA, SB, and SC illustrate some 
examples of resonant circuits that may be utilized as tuning 
blocks for the transformers, according to an example embodi-
ment of the invention. 
FIG. SA is a schematic diagram of an example tuning 
block, according to an example embodiment of the invention. 
As shown in FIG. SA, the tuning block may be a resonant 
circuit comprised of a capacitive component SOl and an 
inductive component S02 connected in series, according to an 
example embodiment of the invention. The port SOO of the 
resonant circuit may be connected to a center tap port of a 
segment of a primary winding, according to an example 
embodiment of the invention. The resonant circuit of FIG. SA 
may have an associated resonant frequency fn S03, according 
to an example embodiment of the invention. 
FIG. SB illustrates another schematic diagram of an 
example tuning block, according to an example embodiment 
of the invention. As shown in FIG. SB, the tuning block may 
be a resonant circuit comprised of a capacitive component 
Sll in parallel with an inductive component S12. The port 
SlO of the resonant circuit may be connected to a center tap 
port of a segment of primary winding, according to an 
example embodiment of the invention. The resonant circuit 
may have a resonant frequency in S13, according to an 
example embodiment of the invention. 
20 while the tuning blocks are illustrated as being connected at 
the center tap ports, other embodiments of the invention may 
connect the tuning blocks to the primary windings in other 
locations as well. 
It will be appreciated that the values and parameters of the 
25 capacitive and inductive components of FIGS. SA-SC may be 
selected to have one or more desired resonant frequencies. 
According to an example embodiment of the invention, the 
one or more resonant frequencies of the tuning block may be 
operative to filter undesirable harmonics or enhance other 
30 harmonics at the one or more resonant frequencies, thereby 
controlling the frequencies of coupling. 
According to an example embodiment of the invention, the 
layouts for the transformers described herein may be imple-
mented utilizing a planar structure, stacked structure, or a 
35 multi-layer structure. With a planar structure, all of the seg-
ments of the primary windings may be placed substantially in 
the same metal layer. A secondary winding with multiple 
turns may be placed between one segment of the primary 
winding and another segment of the primary winding such 
40 that one segment of the primary winding is directly adjacent 
to another segment of the primary winding. For example, as 
shown in the example planar substrate structure of FIG. 9, a 
first segment of a primary winding may be fabricated entirely 
on first metal layer 902 while a second segment of the primary 
45 winding may also be fabricated substantially on the same first 
metal layer 902. Likewise, a multi-tum secondary winding 
may also be fabricated substantially on the surface layer 
between segments of the primary windings. According to an 
example embodiment of the invention, cross-over sections for 
50 the primary segments or secondary winding may be routed 
using one or more via connections 904. 
According to another example embodiment of the inven-
tion, the layouts for the transformers may also be imple-
mented utilizing a stacked structure. With an example stacked 
55 structure, all of segments of the primary winding may be 
placed in parallel and neighbor each other on one metal layer, 
and the secondary winding may be placed in another metal 
layer. For example, in the stacked substrate structure of FIG. 
10, the segments of the primary windings may be formed on 
60 metal layer 1002 while the secondary winding may be formed 
on metal layer 1004, according to an example embodiment of 
the invention. 
According to another example embodiment of the inven-
tion, the transformer may be implemented in another stacked 
65 structure, where each segment of the multi-segment primary 
winding may be placed in parallel in each different layer, but 
the layers of the primary windings may not be vertically 
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of each primary segment is connected to a second com-
mon input port, wherein the first common input port is 
operative to receive the first differential output signal, 
and wherein the second common input port is operative 
to receive the second differential output signal; and 
a single secondary winding inductively coupled to the plu-
rality of primary segments. 
neighboring each other, where the secondary winding with 
multiple turns may be placed between one metal layer of a 
segment of the primary winding and another metal layer of 
another segment of the primary winding, where the multiple 
turns of the secondary winding may occupy multiple layers 
connected with vias. For example, in the example stacked 
substrate structure of FIG. 11, a first segment of the primary 
winding may be formed on metal layer 1102 while a second 
segment of the primary winding may be formed on another 
metal layer 1106. The single secondary winding having mul-
tiple turns may be formed using a combination of metal layers 
1104 and 1108 and connected by at least one via 1110, 
according to an example embodiment of the invention. Addi-
tionally, while not illustrated in FIG. 11, each segment of the 
primary winding may similarly be connected to a common 15 
positive input port and a common negative input port using 
2. The system of claim 1, wherein each primary segment of 
the primary winding includes a first number of turns, and 
10 wherein the single secondary winding includes a second 
number of turns greater than the first number of turns. 
one or more vrns. 
According to another example embodiment of the inven-
tion, the transformer may be implemented in a multi-layer 
structure. With the multi-layer structure, each segment of the 20 
primary winding may be fabricated on two or more metal 
layers and connected by vias. Likewise, the secondary wind-
ing may be fabricated using two or more layers and connected 
by vias. For example, as shown in FIG. 12, a first segment of 
the primary winding may be fabricated on a first part of the 25 
first metal layer 1202 and a first part of the third metal layer 
1206 and connected by at least one first via 1210. Similarly, a 
second segment of the primary winding may be fabricated on 
a second part of the first metal layer 1202 and a second part of 
the third metal layer 1206 and connected by at least one 30 
second via 1212.According to an example embodiment of the 
invention, the single secondary winding may be fabricated on 
the second metal layer 1204 and the fourth metal layer 1208 
and connected by at least one third via 1214. 
In accordance with an embodiment of the invention, the 35 
core of the power amplifiers and the transformer windings 
may be spatially separated from each other to reduce the 
magnetic coupling from the transformer to the core of the 
power amplifiers and thereby reduce the possibility of insta-
bility. In accordance with another embodiment of the inven- 40 
tion, the spatially separated transformer from the core of the 
power amplifiers may be implemented on a separate substrate 
provided by a different technology. Accordingly, the trans-
former and the power amplifiers need not be limited to a 
single fabrication technology. According to still another 45 
embodiment of the invention, the spatially interweaved trans-
former may be compact in size. Many other variations of the 
transformers and power amplifiers are available without 
departing from embodiments of the invention. 
Many modifications and other embodiments of the inven- 50 
tions set forth herein will come to mind to one skilled in the art 
3. The system of claim 1, wherein each primary segment of 
the primary winding includes a center-tap port, and further 
comprising; 
at least one tuning block connected to the center-tap port 
for each primary segment. 
4. The system of claim 3, wherein the at least one tuning 
block includes one or more resonant circuits. 
5. The system of claim 4, wherein the one or more resonant 
circuits includes one or more capacitive components and one 
or more inductive components. 
6. The system of claim 4, wherein the at least one tuning 
block utilizes the resonant circuits to selectively enhance or 
suppress one or more frequency components. 
7. The system of claim 4, wherein the primary segments of 
the primary winding are arranged relative to the single sec-
ondary winding such that flux or currents induced by the 
primary segments in the secondary winding are summed in 
phase. 
8. The system of claim 1, wherein the single secondary 
winding is positioned between primary segments having a 
same current flow direction, and wherein the primary seg-
ments and the single secondary winding are fabricated using 
(i) a planar structure, (ii) a stacked structure, or (iii) multi-
layer structure. 
9. The system of claim 8, wherein the planar structure 
includes a metal layer, wherein the primary segments are 
fabricated on the metal layer as substantially parallel primary 
segments, and wherein the secondary winding is fabricated 
on the metal layer such that the secondary winding positioned 
between adjacent primary segments. 
10. The system of claim 8, wherein the stacked structure 
includes a first metal layer and a second metal layer opposite 
the first metal layer, wherein the primary segments are fabri-
cated on the first metal layer, and the single secondary wind-
ing is fabricated on the second metal layer. 
11. The system of claim 8, wherein the stacked structure 
includes a first metal layer, a second metal layer, a third metal 
layer, and a fourth metal layer, wherein the third metal layer 
is positioned between the first and second metal layers, and 
wherein the second metal layer is positioned between the 
third and fourth metal layers, and wherein a first segment of 
the primary segments is fabricated on the first metal layer, a 
second segment of the primary segments is fabricated on the 
to which these inventions pertain having the benefit of the 
teachings presented in the foregoing descriptions and the 
associated drawings. Therefore, it is to be understood that the 
inventions are not to be limited to the specific embodiments 
disclosed and that modifications and other embodiments are 
intended to be included within the scope of the appended 
claims. Although specific terms are employed herein, they are 
used in a generic and descriptive sense only and not for 
purposes of limitation. 
55 second metal layer, and the single secondary winding is fab-
ricated on a combination of the third metal layer and the 
fourth metal layer, wherein the third metal layer and the 
fourth metal layer are connected by at least one via. 
What is claimed is: 
1. A power amplifier system comprising: 
a power amplifier that generates a first differential output 
signal and a second differential output signal; 
a primary winding comprised of a plurality of primary 
segments, wherein a first end of each primary segment is 
connected to a first common input port and a second end 
12. The system of claim 8, wherein the multi-layer struc-
60 ture includes a first metal layer, a second metal layer, a third 
metal layer, and a fourth metal layer, wherein the third metal 
layer is positioned between the first and second metal layers, 
wherein the second metal layer is positioned between the 
third and fourth metal layers, wherein a first segment of the 
65 primary segments is fabricated on a first part of the first metal 
layer and a first part of the second metal layer, wherein the 
first part of the first metal layer and the first part of the second 
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metal layer are connected by at least one first via, wherein a 
second segment of the primary segments is fabricated on a 
second part of the first metal layer and a second part of the 
second metal layer, wherein the second part of the first metal 
layer and the second part of the second metal layer are con-
nected by at least one second via, and wherein the single 
secondary winding is fabricated on the third metal layer and 
the fourth metal layer, wherein the third metal layer and the 
fourth metal layer are connected by at least one third via. 
12 
the metal layer such that the secondary winding is positioned 
between adjacent primary segments. 
20. The method of claim 18, wherein the stacked structure 
includes a first metal layer and a second metal layer opposite 
the first metal layer, and further comprising fabricating the 
primary segments on the first metal layer, and fabricating the 
single secondary winding on the second metal layer. 
21. The method of claim 18, wherein the stacked structure 
includes a first metal layer, a second metal layer, a third metal 
13. The system of claim 1, wherein the primary winding 
and the single secondary winding form a transformer, and 
further comprising an auxiliary winding that is adjacent to 
one or more sides of the transformer to sense and amount of 
coupling between the primary segments of the primary wind-
ing and the single secondary winding. 
10 layer, and a fourth metal layer, wherein the third metal layer 
is positioned between the first and second metal layers, 
wherein the second metal layer is positioned between the 
third and fourth metal layers, and further comprising: 
14. A method for providing a power amplifier system, 
comprising: 
providing a power amplifier that generates a first differen-
tial output signal and a second differential output signal; 
15 
receiving the first differential output signal at a first com- 20 
mon input port and the second differential output signal 
fabricating the first segment of the primary segments on the 
first metal layer; 
fabricating a second segment of the primary segments on 
the second metal layer; and 
fabricating the single secondary winding on a combination 
of the third metal layer and the fourth metal layer, 
wherein the third metal layer and the fourth metal layer 
are connected by at least one via. 
at a second common input port, wherein the first com-
mon input port is connected to a first end of a plurality of 
primary segments that form a primary winding, and 
wherein the second common input port is connected to a 
second end of the plurality of primary segments; and 
inductively coupling the plurality of primary segments to a 
single secondary winding. 
22. The method of claim 18, wherein the multi-layer struc-
ture includes a first metal layer, a second metal layer, a third 
metal layer, and a fourth metal layer, wherein the third metal 
25 layer is positioned between the first and second metal layers, 
wherein the second metal layer is positioned between the 
third and fourth metal layers, and further comprising: 
15. The method of claim 14, wherein each primary segment 
of the primary winding includes a center-tap port, and further 30 
comprising: 
connecting at least one tuning block to a center-tap port for 
each primary segment. 
16. The method of claim 15, wherein connecting at least 
one tuning block includes connecting at least one tuning 35 
block that includes one or more resonant circuits. 
17. The method of claim 16, wherein the at least one tuning 
block utilizes the resonant circuits to selectively enhance or 
suppress one or more frequency components. 
18. The method of claim 14, wherein the single secondary 40 
winding is positioned between primary segments having a 
same current flow direction, and wherein the primary seg-
ments and the single secondary winding are fabricated using 
(i) a planar structure, (ii) a stacked structure, or (iii) multi-
layer structure. 45 
19. The method of claim 18, wherein the planar structure 
includes a metal layer, and further comprising fabricating the 
primary segments on the metal layer as substantially parallel 
primary segments, and fabricating the secondary winding on 
fabricating a first segment of the primary segments on a 
first part of the first metal layer and a first part of the 
second metal layer, wherein the first part of the first 
metal layer and the first part of the second metal layer are 
connected by at least one first via; 
fabricating a second segment of the primary segments on a 
second part of the first metal layer and a second part of 
the second metal layer, wherein the second part of the 
first metal layer and the second part of the second metal 
layer are connected by at least one second via; and 
fabricating the single secondary winding on the third metal 
layer and the fourth metal layer, wherein the third metal 
layer and the fourth metal layer are connected by at least 
one third via. 
23. The method of claim 14, wherein the primary winding 
and the single secondary winding form a transformer, and 
further comprising: 
positioning an auxiliary winding adjacent to one or more 
sides of the transformer to sense and amount of coupling 
between the primary segments of the primary winding 
and the single secondary winding. 
* * * * * 
